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(57)Abstract 

PROBLEM TO BE SOLVED: To efficiently compensate the 
spectrum spread of a transmission line according to the kinds of 
conditions such as a transmitting distance concerning the optical 
signal of a large capacity by providing a fixed spreading amount so 
as to roughly compensate the spectrum spread of an optical 
transmission line and providing a variable spreading amount so as to 
precisely compensate the spectrum spread of the optical 
transmission line. 

SOLUTION: A fixed spread compensator 216 is provided with the 
fixed spreading amount to roughly compensate the spectrum spread 
of the optical transmission line. As this compensator 1 6, a spread 
compensating fiber obtained by providing refractive index 
distribution of a special radial direction for the core of a fiber, e.g. to 
provide the spread of polarities reverse (negative) to the polarity 
(positive) of the spread of normal SMF or a fiber grating spread 
compensator obtained by forming a black grid made by the variation 
of a refractive index at the core of a fiber to provide negative 
spreading can be used. A variable spread compensator 18 is 
provided with the variable spread amount to precisely compensate 
the spectrum spread of the optical transmitter As the compensator 
IB, a PLC spread compensator and what varies the spreading 
amount by giving stress inclination and temperature inclination to 
fiber grating. 
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[0004] On the other hand, transmission cables constituted by 1 .55 /mi-band 

dispersion shift fibers (hereafter called DSF) are laid down for accomplishing lOGb/sec 
long-distance transmission in recent years. Here, the zero-dispersion wavelength Ao are 
not the same for all fibers spanning between respectively different relaying stations. 
This inconsistency in terms of the zero-dispersion wavelength Xo is attributable to 
micron scale variations associated with the core diameters of these fibers, which are 
produced by a drawing process of which conditions may not be the same for all the 
fibers. In addition, Xo does not stay constant all across the length of each fiber. And 
fiirther, a communication cable spanning between each pair of relaying station, in 
general, is a multi-core cable that comprises a number of segment cables each being 
several km long and connected to each other to the length required to span between 
relaying stations. The zero-dispersion wavelength Xo of one segment fiber may not be 
the same as that of the connecting segment fiber, namely the various values of the zero- 
dispersion wavelength Ao appears randomly across an entire length spanning between 
relaying stations of each pair. Consequently, it is possible that the zero-dispersion 
wavelength Ao may fluctuate to an extent exceeding a ±10 nm range for an entire length 
spanning between relaying stations of a pair and, ftirther to it, this fluctuation amount 
can be different fi-om one span to another. The inconsistency of this nature associated 
with the zero-dispersion wavelength Ao necessitates dispersion compensation applied in 
a highly strict manner when achieving a 40 Gb/sec DSF long-distance transmission 
system. 

[0005] It is possible to adopt, for an optical transmission system of which the 

transmission rate is 10 Gb/sec or below, dispersion compensation units of a type each 
having a fixed dispersion amount such, as a dispersion compensation fiber (DCF) and a 
fiber grating, and dispose these units of the same one type commonly for all the 
transmission lengths each being 20-40 km long because the dispersion tolerance of a 
system of this transmission capacity is relatively wide. But when constructing a 40 
Gb/sec transmission rate system, the associated dispersion tolerance becomes so 
stringent that it is necessary to optimize compensation amounts for the transmission 
spans respectively. According to the prior art technology, optimization in this respect 
may possibly be accomplished by one of the following two approaches: i) measuring 
dispersion amounts for all the transmission spans respectively and fabricating dispersion 
compensation units of which the compensation amounts are adjusted so as to match 
with these measured dispersion amounts respectively; and ii) preparing a series of 
dispersion compensation units, each consisting of a DCF or a fiber-grating, of which the 
dispersion compensation amounts are set to vary fi-om each other by small amounts in a 
manner associated with weights for a scale and choosing an optimum combination of 
these units for compensating an actually measured dispersion amount of an associated 
transmission span. If one follows the option ii) method, the apparatus size will become 
large because these units are connected in multiple stages and a compensation-unit- 
insertion loss will increase if optical connectors are used for connecting these units. It is 
possible to find an optimum combination of these units in a try and error basis if the 
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measured wavelength dispersion amount is not available. But this try and error base 
approach will demand a tremendous amount of trial work as well as an extra number of 
units that eventually turns out to be unnecessary. It is impossible to compensate for a 
dispersion of which the amount changes with passage of time due to changes in 
temperature of a subject transmission cable (tubular path), or in pressure or vibration 
externally applied to it. 

[0006] Based on these findings, it is considered necessary to develop a 'variable 

dispersion compensation unit' that comprises of a single device if we are to constitute a 
ultra-high transmission rate system such as a 40 Gb/sec system. A type of variable 
dispersion compensation units proposed, being associated with a prior art technology, is 
called a PLC (Planner Lightwave Circuit) dispersion compensation unit (K. Takiguchi 
et al., ECOC 93 ThC. 12. 9) and is associated with a variable range between -383 
ps/nm and +615 ps/nm. A variable dispersion compensation unit with a variable range 
between -383 ps/nm and +615 ps/nm can only cope with an SMF of an around 20 km 
length of which the unit wavelength dispersion value is +18 ps/nm/km. This implies, 
together with consideration of productively and controllability associated with units of 
this type, it is impossible to adopt this compensation unit for constituting a 
commercially viable system. A method offered for making a dispersion compensation 
amount of a fiber grating type dispersion compensation unit variable is one in which a 
temperature gradient is created across a fiber grating type compensation unit by using a 
peltiert element or applying externally a stress to a fiber grating itself of a fiber grating 
type compensation unit by using a piezoelectric element external (M. Kato and Y, 
Miyajima, OECC 97 9D1-2), But the unit constituted accordingly is not usable for a 
commercially viable system either because it requires a complex control and is 
fiinctional only for a narrow dispersion range. 

[0017] When operating a system of any embodiment of the present invention 

described above, it is possible to decide where to dispose dispersion compensation units 
(fixed or variable continuously or in steps) and what are the required dispersion 
compensation amounts of these units fi-om test results obtained by various tests 
including a waveform transmission simulation test and indicating wavelength dispersion 
characteristics together with their changes along the transmission path, providing such 
test data is available. And, even if there is no wavelength dispersion characteristic data 
for the transmission path, it is possible to measure transmission characteristics at the 
receiving side by using the transmission characteristics measuring unit 36 when starting 
up an associated system as indicated in Figs. 21-26, and adjust dispersion compensation 
values of these units so as to achieve the optimum transmission character. As indicated 
in the drawings, it is also possible to sweep a dispersion compensation amount by 
keeping a control signal fed back to the variable dispersion compensation units (ones 
variable continuously or in steps). It is useful here to measure transmission 
characteristics including a code error rate, Q value, checking of a parity bit contained in 
a signal, a transmission waveform and so on. 

[Fig.21] Provided is a block diagram indicating an optical transmission system of 
the 3"* embodiment of the present invention. 
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[Fig.21] 

10: 

Optical transmitter 

14: 

Receiving unit 

16: 

Fixed dispersion compensation unit 

18: 

Variable dispersion compensation unit 

20: 

Optical receiver 

36: 

Measuring transmission characteristics 

(D 

Feedback of control signal 
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